The rate of phosphoenolpyruvate carboxylase activity measured through the conventional coupled assay with malate dehydrogenase is underestimated due to the instability of oxaloacetate, which undergoes partial de-carboxylation into pyruvate in the presence of metal ions. The addition of lactate dehydrogenase to the conventional assay allows the reduction of pyruvate formed from oxaloacetate to lactate with the simultaneous oxidation of NADH. Then, the enzymic determination of substrate and products shows that the combined activities of malate dehydrogenase and lactate dehydrogenase account for all the phosphoenolpyruvate consumed.
PEPC3 (EC 4.1.1.31) catalyzes the Me2+-dependent conversion of PEP to OAA. The most widely used method for the measurement of PEPC activity is the spectrophotometric coupled assay with MDH (EC 1.1.1.37) which reduces the OAA formed to malate (7) . The simultaneous oxidation of NADH is followed at 340 nm.
However, methods based on OAA measurement have been proved to be inaccurate in the presence of metal cations due to the formation of various OAA-Me2+ complexes (3, 4, 8) and the subsequent decarboxylation of OAA into pyruvate (4, 5, 8, 10) . The problems associated with OAA stability in enzymic assays are well known (1) and have been recently readdressed with regard to PEPC (12) . In this study, the potential inhibitory effects of the intermediate OAA-enol forms on the MDH reaction were also emphasized (12) . However, as these intermediate forms are in equilibrium, the presence of an excess of added MDH should be able to displace this equilibrium and allow for the estimation of essentially all the OAA present in the assay medium. Such an assumption is fully supported by the fact that the sum of malate plus pyruvate formed accounts for all the PEP I Supported in part by National Science Foundation grant (DMB 85-15181). 2 Unfortunately, the measurement of inorganic orthophosphate that has been proposed in order to overcome the problem of OAA instability (11, 12) has major drawbacks, including the necessity of phosphate free media, potential interfering reactions, and time consuming assay prohibiting routine kinetic studies.
We present here an assay which overcomes this problem and gives a rapid measurement of PEPC activity which accounts completely for the rate of PEP consumption.
MATERIALS AND METHODS
Enzyme Preparation. PEPC was purified from leaves of Crassula argentea Thunb. as previously described (14) with the following changes. Day leaves were homogenized in 2 ml per g fresh weight of grinding medium consisting of 50 mm HEPES (pH 8.0), 1 Figure   1B shows the changes in the concentrations of substrate and products during the first 20 min. The rate of PEP consumption is stoichiometric with the rate of NADH oxidation (i.e. OAA and pyruvate production). As previously shown in Figure 1A , buildup of OAA + pyruvate occurs after all the NADH has been consumed. The rest of the time course was essentially identical to the one of Figure 1A and (Fig. 1C) . In trace a, as in Figure  1A , PEPC activity was followed by the conventional spectrophotometric coupled assay through the reduction of OAA taking place in the presence of NADH and MDH alone. In trace, b, as in Figure 1B , the activity was followed through the simultaneous measurement of OAA and pyruvate reduction taking place in the presence of NADH and MDH + LDH. It is shown that the presence of the two enzymes (MDH + LDH) in the assay medium reveals a higher (about 25%) apparent PEPC activity than the activity measured by the conventional assay with MDH alone. This is in good agreement with the amount of pyruvate produced in the experiment of Figure IA (about 25% of the NADH oxidized). The higher rate observed in the presence of MDH + LDH is due to the oxidation of NADH as the pyruvate produced is then reduced to lactate by LDH. It should be mentioned that the rate of the activity measured in the presence of both enzymes (19.8 nmol/min, Fig. 1C ) corresponds to the rate of PEP consumption measured by the enzymatic determination (20.0 nmol/min, Fig. 1B ) and also to the rate with MDH alone (19.5 nmol/min, Fig 1A) . It therefore appears that using such an assay method overcomes the problem of nonenzymic OAA decarboxylation giving a continuous measure of the true rate of PEPC activity.
Given that the MDH coupled assay underestimates the true rate of PEPC, it was necessary to determine whether the measured kinetic parameters of the enzyme were modified using a MDH/LDH coupled assay. Figure 2 shows two PEP isotherms. The first, (line a), was carried out in the presence of MDH alone whereas the second, (line b), was performed in the presence of both MDH and LDH. As anticipated, there is a significant in- This indicates that G-6-P activation and malate inhibition of C.
argentea PEPC (14) are not due to a change in the rate of OAA decarboxylation in contrast to what has been reported with the effect of glycine on maize PEPC (12) . Free Mg2+ concentration has a major effect on the rate of OAA decarboxylation, rising from approximately 20 to 50% over a 2-fold concentration range. It is important to note that this is an effect of the free Mg2+ concentration. Indeed, the assay with 5 mM free G-6-P has a total Mg2+ of over 20 mm to compensate Table II (see "Materials and Methods" for details). The percent of OAA decarboxylated was 10% for 1 mM Mg2+ (total). This rose to 27, 35, and 88% for Mn2+, Co2+, and Zn2+, respectively. This was anticipated as these metal cations are known to promote higher rates of OAA decarboxylation (10) . A greater percentage of the OAA being produced by the PEPC is being decarboxylated so there is a greater difference between the MDH coupled assay and the MDH + LDH assay. Further, the order of metal decarboxylating activity obtained in our system is in complete agreement with the Irving-Williams natural stability order for metal complex formation (4); Zn2+ being the most active followed by Co2 +, Mn2+, then Mg2 +. This was also expected as metal-OAA complex formation is a necessary intermediate in the metal catalyzed decarboxylation.
Under our standard conditions (5 mm free Mg'+), the level of OAA decarboxylation reached about 20% of the OAA reduced to malate by MDH. We have obtained similar results for commercial maize and wheat PEPC indicating that OAA decarboxylation was not an artifact linked to our enzyme preparation. In addition, we found that in ACES buffer (pH 6-8), the pH of the assay did not seem to have a large effect on the rate of decarboxylation (15-25%) . It is difficult to assign a more exact value for the percentage of OAA decarboxylation probably because of its extreme sensitivity to free metal concentration. As emphasized by Krebs (6) , the rate of nonenzymic OAA decarboxylation shows considerable variation, probably due to trace impurities (essentially metal cations) that affect the stability of OAA.
